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THE EXPERIENCE OF OPERATION AND UoE OF THE RESEARCH 

VYWR-M REACTOR WITH MAXIMUM NEUTRON FLUX 3.10 U — !) . 

cm , sec 

D.M. Karainker, K. A .Konoplev. 

The research WWR-M reactor has been put into operation in the A. F. Ioffe Physical and 
Technical Institute of Aoaderny of Science of the USER since December 1959. 

The reaotor uses enriched uranium, light water as a moderator and beryllium as a aide 
reflector. It operatos at a rated heat power of about 10 MW. (l,3,1l). 

The reaotor was designed as reoearoh one and is employed to carry out investigations 
In nuclear physios, solid-state physios, radloblology and radioohemiotiy . Main investiga- 
tions are carried out using horizontal channels of the reaotor. 

All these investigations are mainly being oarrled out by Physical and Technical Insti- 
tute (2) with the aim to study the structure of nuclei and isotope oharaoterlot ios , the 
mechanism of fission process and primary aotionB of radiation influence and also the utili- 
zation of neutron beams as a method of investigation of the struuture and properties of 
different eubetoBbes. 


I. DESIGN AND OPERATION OF THE REACTOR. 

The first operating reaotor loading (Tig. 1 ) had a stretohed fora to separate the 

water oavity from the control rods and to keep their worth. The flux of thenaal neutrons 

235 

in the oavity was 3.6 times greater than the mean flux in the core. The loading of U 
was amounted to 3120 g. 

The water oavity is formed by means of the replacement of 12 fuel elements by a upe- 
cial channel for the irradiation of samples. The formation of the water oavity to oreate 
an experimental channel with maximum thermal neutron flux is one of the wayo of using the 
great mobility of the core. The oore la formed of fuel elements (Fig. 2-3) and beryllium 
elements within the loop of the beryllium refleotor. Various operations of the oore give 
the poesibility to change fluxes in experimental channela from O.A to 1.5 of the mean 
thermal neutron flux in the oore (4,5)-> 

j l p 

At 10-KW reaotor power the thermal neutron flux in the water cavity la 3*10 n/om .Beo 
and it is (l.A 4 0.4).10 1 ^n/om 2 . eeo in other experimental channels. Flux measurements were 
made by the activation of gold foils 0.1mm thick for relative measurements, and 100 4 200 
Kg/om^ thick for absolute measurements by method of oolnoidenoe. By May 196$ the 

heat output of the reaotor has reached 2000Hw-days. After 200-300 Mw-daye are obtained, 
new fuel elements aro loaded into the reaotor with some replacement of the burnt out ele- 
ments. 

After the additional oharge the oritioality of a oold depoisoned reaotor is aohieved 

only after the extraction of all safety rodB and of at least a half of one of shim rods. 

Such r ETst.^.n provides sufficient reactivity for operation during the whole period between 
the loadings at the powerof 5MWand higher (Fig. 5). The maximum weight of 6 oontrol and 

ah I rods the reaotiviXy for poisoning at the power of 5 MW is 2.5$. For burning 

out days is spent. All values of the reactivity are calculated taking into aocovmt 

th- : aeutronB worth for ffWR-M reaotor (6). Though th© weight of th© oontrol 

fv-i-o iia.- -inied out to bo loss than expected aooording to the preliminary calculations (3), 
it- i n'V oaused any difficulties in operation. 

25 YEAR RE-REVIEW 
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Water treatment and wat or- purify ing systems in the primary loop of WWH-M reactor were 
not good enough and we hod to replaoe and modify them. 

A system of ionexchanging column (7) was made to supply the reactor with make up wa- 
ter instead of eleotric-d i illcr unito. This system provides a good quality of water. A 
good quality of water ie also maintained by an lonsx changing filter which is plaoed on ti* 
by-pass of the primary loop nyntea (Table ?). 

During operation the quality of water changes but little, thus allowing of oheoking 
constantly only one rather characteristic parameter. How-uaed control system is given in 
Table 3. The corrosion resistance of the loop elements made of stainless steel is high 
enough, partly due to chemical and mechanical treatment of the primary loop elementa before 
the reactor start-up. The stainless steel corrosion products influence little the quality 
of water (9). Aluminium corrosion influences greatly the quality of water. The workli* con- 
ditions of the coolant are represented in Table 1. The existence of aluminium hydroxide in 
the water of the primary loop results in the sorption of the hydrated oxide on rough parts 
of the beryllium surfaoe. Moreover, in stagnant water the holes of the beryllium parts oan 
be completely overlapped. To prevent such a sorption the water of the primary loop is pe- 
riodically pumped through even when the reaotor is out of operation. Aluminium corrosion 
reaches ?. grama per day and results in the formation of insoluble partioles the else of 
whioh varies from 5 to 30 microns. These partioles oonaiet of hydxatod-aluminium-oxide 
(Pig.A). With the concentration of such partioles 2 f 3mg/l, water grows turbid and the 
risibility of the core reduoee. With the concentration as high ms 10 ng/1 the oore Immersed 
by 3.5m into the water is quite invisible and fuel reohnrging cannot be exeouted. The 
elements of corrosion as suspensions were observed in other reaotors such as the Canadian 
NHTJ reaotor in whioh they were in the form of Gibbsite 2Al 2 0 3 3D 2 O (8). 

To clear the water in the primary loop of the WWE-M reaotor an electrophoretic filter 
was constructed (2). In such a filter the turbid water is flowing between two electrodes. 
Suspended charged partiolo 8 are precipitated on the electrodes and then a pure water is 
flowing out of the filter (Fig. 6, 7). The purification coefficient of the filter is t . 

0.9 -7-1.0. * 

i . s^s: 

c 

where C and C* are concentrations of euspeneiona at the inlet and outlet of the filter. 

'^active flow rate through the filter £ Q (whe Q la a total flow rate) i8 somewhere 
between 0.3 4 O.W/hour. These parameters allow the reaotor water to be purifyed to the 
transparency of the distilled water. 

The oapeoity of the filter le only 16 1 end it wae eaelly to eorround it by a lead 
shield 130«ua thick. The filter vae monnted in the jrasp rooa of the primary loop. During 
the operation the filter dees not need to be looked after and it is easily regenerated ly 
waehing off the part idee preoipitated on the membranes. The filter rtleaee of detonating 
gaa of about 20 1/hour during the operation le its Min drawback. But in our oaae it ie 
not ao eeeentlal beoauee radiolyeie produoee about 3001/hour of detonating geo and the 
primary loop la equipped with e deaeration eyatea for detonating gue remoTml. The deaera- 
tor is installed on the by-paee of the primary loop (PJgJ). 10* of all ooolant oapaolty ie 
paeeing through thle eyeten. The deaerator oenslwto of elx grid platee with the diameter 
of la. The water is released froa the dissolved detonatli^ gee and enters the ooKson flow 
of the ooolant. Tha air formerly wae throw out into the ataoephere. The exhaust air oon- 
talne not only detonating gaa alxture Vat also all the radloaotiva gases dissolved in the 
priaary loop water, 1 olosed loop eyrtwm of deaeration wae designed to reduoe fuae-off into 
the atmosphere (10). The air exhausted from tha deaerator with 0.5-1* oontent of detonating 
gse le heated and passes through the platinum oatalyaere where the detonating gaa ie quiet- 
ly burnt up. Then the air paeeing through the oondeneer ib oooled and released from ester, 
and then through the ooapreoeor the air return, to the deaerator outlet. Thle system is in 
325 - 2 - 
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operation uincc the end of and decresruies the fume-off by 10 timer'.. 

II. THK IIKAOTOH t*«l‘U)' r VKWT. 

There are vertical holer; In beryllium reflector where experimental channels are put 
in (Table b , Pig.l). Two kinds of channel r, are employed: "dry" channel R in which containers 
with samples are Irradiated without any forced cooling and "wet" channels In which the 
water in the primary loop flowc under pressure of 3.5ra.w.c. An wan previously mentioned 
there are a water cavity in the core with the "wet" channel and two "wet" channels inserted 
Instead of fuel elements for Irradiation in the fluxes of foot neutrons. During the irradi- 
ation the temperature of samples changes In a wide range depending on the sample material, 
its paoking and way of cooling, For example, with POmm dia. specimentn placed in an uncooled 
container with a 2-tnm fixed air gap, at 5-MW reactor power, the temperature measured for 
steel was 510°C, that for aluminium 150°C. Minimum temperatures are in the range of 50- 
70°C. To calculate the temperatures speoifio heat release for some materials has been mea- 
sured at the reactor power of 5 kW. The results of linear calculations for the nominal reactor 
power are presented In Table 5, 

Loading and unloading of irradiated specimens in vertical channels of the reflector 
are carried out during power operation of the reactor. The minimum time for the transporta- 
tion of the cample Irradiated at 1 0MV7 from the Irradiation hole to the measuring Instrument 
is 20*30min. 

Horizontal channels are made of tubes with 60nm inner dia. (3 channels) and 100mm 
inner dia. (6 channels). Their ends are inserted into the holes of the beryllium reflector 
with the diameter of 08 mm and 128 on respectively. All the channels have the same struc- 
ture (Pig. 8). There is a distance of 10 meters between the outlet hole and the wall of the 

experimental hall. 

As a rule, measurements are carried out in all the horizontal channels simultaneously 
except the cases when variable reactor power is required for an Individual measurement. 

Physical equipment chiefly presents stationary installations with the exception of 
three horizontal channels in which instruments are arranged only during measuring prooessec. 
These channels are particularly used for invest igat ions on fiBaion physics. 

One of the main problems of nuolear physios solved on the reactor is a oomplex stuty 

of njf'-reaotion. This implies parallel investigation for oertain nuolei(mainly of odd-odd 
onea as less studied) of ^f-rays spectra and their Intensities; investigation of conver- 
sion electron spectra arising in the reaction and different schemes of coincidences for a 
prompt radiation. Suoh investigations permitting to determine not only the energy of 
gamma-rays and their intensities but also their multipolarities, spins and successions 
ensure the complete nucleus level diagrams to be drawn. For the investigations oT this 
problem we use simultaneously three radial horizontal channels and recently a special 
tangent channel was made. 

To study the spectrum of energies of ^-quanta and its relative intensities the orya- 
tal-defractlonal ^-spectrometer Cauohols with 4-o dletanoe from the ourved orystal to the 
detector is arranged (Fig. 9). High resolution and*aocuracy of the instrument (12) and also 
the possibility of remote motion of the source from the region with high neutron flux to 
the region with low neutron flux for the seleotion of f - bands belonging to isotopes and 
not relating to the prompt V r -rays of reaction permit reliable measurements to be made 
in this region. 

A tangent ohannel C for attenuating ^-radiation of the core) was used to investigate 
oonversional eleotrons of Cnf )-reaotion. From the large target arranged in front of the 
corn, r'i*irrcrnns of conversion go through the vaouua tube protected from the magnet ±o field 

- 3 - 
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U ‘ n3 ' Tl “ electron energy is carried out by the 

double magnetic apeotrometer of ty [*» . 

Two other radial be a., of the reactor •• „.n,en»„t these Invert igatl ear 
jT-r-eoiaoidenoes (n) (sc 1 nt 11 Inti o„ apect remote™ with the delayed coincidence 

— - r - - " - e - °°1 J1 0 luuncuu with the double toroid npectro.eter em- 

ployment (10 "hi on pcrml tu aho to Investigate o- f and e-o angular correlations. 

For t ITZ " StUdy Sh0rt ' UvinS laomerlo states of nuolel obta.ned in the reactor, 
or the., purpose n we use rabbit and specimens' delivery synts™ previously de.orlbed In 

temper thTmn t ! !" S \ ln ' D r ° P ° rt ° 5) ’ fl ° " e de3orlbe «>* 3 Pneumatic rabbit „y 3 . 
ment ("ifi'l i ° "| ,eotro ^ ter whloh ls Plnood on the renotor radial thimble. The nrrang- 

Th ^ . t0 invCEtl fi a t0 r- p «y« npeotrum of short-living isotopes formed in the reactor, 

soeoi are W ° lln3s ln Pneumatic rabbit for specimens spool a' movement . In turn one of the 

vered T°th + ln “ ohBanel ( b ^Hlum reflector region) while the other in deli- 

vered to the magnetic spectrometer of ■Klotron- type arranged In the hall. Y~ -rays of a 

° 7 ele0tr ° nB frC,m the OUrV0d (t0 intenoifioate luminous Intensity) thin 

' 8 ’ he eleotrona are analyzed by the magnetic field of a opeolal sha,* (Fig. 11). 

invent ! !t! two radial channel to inveotlgate the fission reaotlon. The main aim of these 
; r :V a ! ° UP me0hanl3m ° f ^eioneble ’-oeao, which is related to 
nable ZoTl 777 * ^ aOTr * UtionE fo ™ d during the elementary flcslo- 

the fission of U 2 ^ 5 ^ ^ T*” ° f energy 311(1 an 8 ul ° 1 ' distribution of neutrons emitted at 
, ..235 23^ hG noutroni ’ ( 1? )> angular distribution of /“-rays of the 

«V«. “ ” ,h * - k, ” ,i “ -- •“ 

states’ 8 !“ illU3 ! r3tl ° n W ® 080 P ° lnt ° Ut ’ f ° r eiam P lc ’ that the study of lifetime of excited 
states of thermal-neutron fission fragments by the method of ^-spectrum measurement (in) 

. 13 eallaoted hy the narrow collimator moved along the fragment • s path showed that the 

ln F ‘ f~ rayB iB emmei * or time less than S.IO-^eeo and only 5-104 of radla- 
o -rrespond o the time Interval 3.10- 10 -2.1<r 8 8 eo. 

... 7 h inV ; aUfrltl0na d ° not need bul ^ apparatus (for detecting semiconductor coun- 

’ \ 7 O0hBl0D,,d are used to organize such work that Is the 

*!“ Bl “ U ,!nUBly tB ° tar6Ct8 ln twn dlffer8nt instruments arranged one 

A.rrTJ TdT! th : ^ 10 0aUKht by a ^ ^ 88 ln a11 other horizontal 

.—riels, in order to diminish rediativo V okground in the hall). 

're elnlo^eHr 011 * 81 ther0al ° 0lUBm aDd 8008 W«oal channels of the reactor 

of ^ lnVe8tl « ationI! 08 8 ° llb state physios. Charaoterlotio features 

lna ‘1 Ttn! iZOntal ° hSnn0lB are! neutron monochromatl zat ion, .n- 

T vol T ! \ f ° r l,C ° ldn n ° Utr0n£! ln the reaot0r 011888818 ^d also the creation 

of polarized neutron beams with the help of neutron refleotlng mirrors. 

Similar investigations ore being carried on ln several directions (20). The excitement 
of spin waves in ferromagnetics (under different temperatures) for small scattering nn e les 
neutrons is studied on one channel with the help of polarized beam of Incident neutrons 

after'soatterlng!^ ^ ^ ^ deter ” lnOtl0n t!l3 Polarization degree of neutrons” 

coonf-T 11 «n° tr ! ° f ° emiooDduotln « a « lnvestigs ted on the Installation (with 

••=* ° e_fl er 18 a reactor ohannel), where a time-of-f light selector with a =_mef» 

l ln T C>S r f “ r meaettreBente ° f neu “ ro8 e8er « 18 " 18 used. Analogous investigation ,-,v 
e.pec.ra of polymerio substanoes is conducted on two crystal type Installation <u did -, c " 
noobrenat zati on of neutron c and analysis of their energies are carried on bv raf^tC 
- I’om -es-c crystals. ” *’ * ,K 

^n-h the help of neutron-diff notion itrara in one of \U rorizontal channels of the 
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reactor tho magnetic ordering of ferriteu It; ;:tud1od. 

The reactor penults to inve nt igate r.u.u't r,r. fully irradiation damage in aerai conductors . 
Energy levels spectra appearing In the f’<> ' 1 zone of germanium untler the influence 

of fact neutron n at room temperatures a: well an at liquid nitrogen temperature were ctudl- 
ed (?1). 

At liquid nitrogen temperature 11 :oii(>r and acceptable levels have been discovered for 
the display of which additional heating wan ne^etieasy ("defect ripening"), 

Similar tests are carried on in vertical reactor ohannele with the use of liquid nitro 
gen feeding into a cpecial cryostat. 

The work on rodiochemiat ly with the uoe of reactor hot cello is connected with elabo- 
ration of methods for preparation of radioactive iootopes with high opeoiflo activity ne- 
cessary for Dcientifio research. Ac an illustration we oan mention a method of P' purifi- 
cation and emission with the specific .activity up to 10 curie/mg. 

Such preparations are employed for invest igations on biology and on fi -spectroscopy. 
Tests on radiation influences on biological objects (animals) oan be oarried on in three 
special thimbles placed in tho concrete shield of the reactor. A cpeoial oage equipped with 
a ventilation system ensuring normal oonditions for the animals and with a system for do- 
simetrical control can be lowered into a thimble with a big oval size (40x60cm). Past- 
neutron flux in oage region is usually 3.10^ n/orn'oeo. By selecting the filters surrounding 
the cage the ratio of mixed flux components can be varied but not in high proportions, 

Mainly such testa are made to determine personnel radiation resistance and to work out 
radiation protection methods. 

All the described installations are aituated in the reactor hall. Though it ie not 
dangerous to stay in the hall during reactor’s work (as there exist neutron beam traps), 
all the inatallat ions have provision? for remote oontrol from apodal rooms with oontrol 
boards for each reactor horizontal channel. Moreover, to improve and speed up measurements, 
reactor inatallat lone are served by a common system of centralized information oolleotlon 
which can simultaneously conduct mult iohanneled calculations for a number of "subscribers". 

Experimental possibilities are limited because of the absence of reaotor tangent 
channels. It is well illustrated by the orystaldiffreotion speotromoter. Poroed gamma 
shielding leads to the reduction of neutron flux on the specimen. Though the part of lead 
screen is plaoed even in the core instead of beryllium elements (?ig.9) high neutron^flux 
of the reactor is not essentially used. On the apeoiaen the flux reaoheo only -2.10 
n/cm 2 sec. Besides fast neutron flux does not diminish and aocoupts considerably for the 
common baokground of measurements. 

A hollos in biological shielding from the telescoping thermal oolumn wbb used to form 
tangent and tangential channels. Tho channel a were drilled in concrete and the thermal co- 
lumn graphite was replaoed by protective disk with ohannele for beans ertraotlon (Pig. 10). 
Naturally, no failed to bring these channels into the reaotor tank up to beryllium refleo- 
tor but those channels had definite advantages In oompariBon with radial ohannele as their 
baokground-effe ot ratio is considerably less (Table 6). 

The small diameter of the horieontal ohannele at: the outlet of biologioal shielding 
is another drawback of their design. To plaoe some experimental devloes exoept oolllmatora 
Jn ch ann el o is extremely diffioult. 

Using again the hollow from the thermal oolumn, additional ohannels No. 12 and No. 1b 
(Big. 10) were formed; they enable the monochromator orystal to be plaoed nearer tc the core 
The removable shielding permits easy maintenance of the apparatus arranged at the outlets 
of these rb/vuisls and reduces specimen baokground of monoohromator eoattering. 

’ - 5 - 
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CONCLUSION. 

The research XYH-M renotor permits carrying on investigations with the use of 
neutron flux up to 1.10 n/ctn sec. Reactor Invest igat loan with horizontal neutron beams 
and with specimens Irradiated by high neutron fluxes arc carried on. 

The creation of some audit ional reactor systems (a closed air system, water-supply sys- 
tem etc.) guarantees the safe reactor operation at nominal parameters. 

The experience of the reactor operation and investigations showed that the absence of 
special-purpose channels hinders certain investigations on this reactor. The reactor has 
a serious drawbaok; it has only standard radial horizontal channels. 

At present it is somehow compensated by the provision of additional tangent and tangen- 
tial channels. 

As to the further improvement of the reactor we hope to reconstruct the vertical 
experimental channels. 


TABLK I. 

Operating Conditions of Coolant in TTWR-M Beaotor. 


Mean power density 

MW 

0.2 


Maximum calculated temperature 
^of fuel element ol adding 

°c 

90 


Mean temperature of water- 

coolant In the core 

°c 

45 


Water-coolant bulk velocity 

in the core 

m/seo 

6 


Specific heat-transfer surfaoe of 

235 

fuel elements per 1 kg of U 

m 2 /k« 

7.2 



TABLBt II. 

Quality of Water Uoed as a Coolant In ffIR-M Reactor, 


P a r a o e t e 

r Supplying 

wet er 


Water of the primary 

oirouit 

Speoifio Electric 

resistance Ohm.om 

10 6 

(2+5). 10 5 

pH 

- 

6.8 

5. 2+6. 2 

Dry residue 

-F- 

1 

5+10 
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Periodicity of Quality 

1 

Table 3. 

"filer Control in WWR-M Reactor. 

Parame ter 

Perlodlolty of Control 


Specific electric-resistance 
pH 

Corrosive elements: iron, aluminium, 
beryllium 

Admixture: chlorine, silicon, nitrogen 
compounds, organic compounds 
Aotivity of dry residue 
Activity of fission isotopes: 
iodine, strontium, barium etc. 
Transparency of water 


Constantly 

Weekly 

Monthly 

Monthly 

Weekly 

Weekly 

Weekly 


Table 4. 


Vertical Experimental Channels of WWE-M Reactor, 

Unit of measure Channel in the refleotor Channels in the oore 


Diameter of refleotor 
hole 

Inner diameter of channel 
Quantity of channels 
Thermal neutron flux 1 



*8 70 90 

110 

Core 

ohannele 

Water 

channel 

on 

41 60 

- 

30 

41 

po 

9 1 2 

1 

2 

1 

> x n 

cm seo 

1.4+0. 3 0.54-0.3 0.5+ 
0.3 

o 

a 

¥ 

© 

• 

1 

3+1 


Table 5. 


Heat Release in the Specimens Irradiated in 40«m "Dry* 
Experimental Channel at 10-MW Hemotor Power. 


Material 

Copper 

IX18H9T Steel 
Aluainlua 
Beryllium 
Water 


Heat-Belease, W/g 

0.5 

0.3 

0.4 

1.2 

1 .24-2.0 
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Table 6, 

C ha raoter lotion of New Channels and Une iiadlal Channel of 
WWR-M Reactor of the Physical-Technical Institute. 


™ "f r V 1 ' D /’ 

C h a n n « 1 Maximum thermal Maximum neutron Fast neutron h-roys cower Plnr 

aratsr - sar^.. 2g„-js-. £,$ •*=* 5 «• — 


n 

2 

om oeo 


: n ; 
om seo om sec 


No. 

1 

Radial 

0.5.10 14 

3.10 

No. 

10 

Tangent 

6.10 11 

0.10 

No. 11 

Tangent- 

ial 

2.10 12 

5.10 f 

No. 16 

Tangent- 

ial 

2.10 12 

5. 10* 


1 : 0 . 1 : 0,02 

1 : 0 . 001 : 0. 001 

1 :0. 046:0. 0016 

1 : 0 . 04 : 0. 0012 
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Pig.1. Diagram of the First Reactor Loading. 

I.Fuel elements. 2. Beryllium elements. 3 .Water cavi- 
ty. Shim and control rods. 5. Safety rods. 6. Verti- 
cal experimental channels. 
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Fig. 2. Section of a Fuel 
WWR-M Element. 
a)Croso-3ection.b) Longi- 
tudinal-section.. 

1 . Gaps for Cooling Water. 

2. Fuel element tubes. 

3. Aluminium fuel element 
can. 4-, Nuclear fuel layer. 
5. The ring diffusive-weld- 
ad with fuel element can 
with nucl-ear fuel layer. 
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Pig. 4. Photograph of Particles Suspended in the Water of the 
primary Reactor Circuit. Magnified 800 times. 


Fig, 5 Diagram of Reactivity 
Charges Against Fuel Burning 
in. WWR-M Reactor. (The Breaks 
of the Line Correspond to 
Additional Charges and 
Overloadings of Fuel 
Elements ), 


1300 W, M imcp (Hwd) 
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Fig,6. Scheme of EL ectropho retie 
Filter Purifying Reactor Water. 

1. Inlet for water suspension. 2. Removing 
of the pulp. 3. Electrodes. 4. Membranes. 
5. Outlet for purified water and detona- 
ting gas bubbles. 6. Water feeding to 
remove the pulp. 7. Compressed air 
feeding for membrane purification 



Fig. 7. Scheme of Inclu- 
sion of Electrophoretic 
Filter and Closed Deaer- 
ator System in the Pri- 
mary WWR-M Reactor 
Circuit. 

1 . Core . 2 . Circul ating 
pumps of the primary 
circuit. 4. Deaerator. 

Electrophoretic fil- 
ter. 6. Air heater. 7. Cata- 
lytic burning of detona- 
ting gas. 8. Condenser. 
9*Compressor. 
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Pig. 8. Vertical Section of Horizontal WWR-M Reactor Channel. 

I.The core. 2. Beryllium reflector, 3. Water. 4. Concre- 
te. 5. Gate. 6. Concrete filling. 7. Neutron beam trap. 

8. The wall of the experimental hall. 

All the dimensions are given in millimetres. 







n g .9. BstaMistaent of the Cystal-Mff faction 
m Channel No. 2 of WWR-M Reactor. 

!' If rr‘ 2-C00le,J lead shlela Pih«d instead of a 
o eryllium elements. 3. Intrachanne 1 lead 

shield A. Beryllium elements. S.Speoimen. 6.0urved 
crystal. 7. Detector. 8. Collimators. 

The dimensions are given in millimetres. 
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Fig.10. Arrangement of New Experimental Channels In ffWR— M 
Reactor. 

I.The core. 2. Beryllium reflector. 3. Reactor tank. 

4. Hollow for the telescoping thermal column. 5. Arran- 
gement of orystal-monochromator. 6. Mobile cast iron 
shielding. 7. Concrete plug. No.1 and No. 9 - Radial 
channels placed 1000mm above the hall floor. 

No. 10 - Tangent channel placed 1250mm above the 
floor. No. 11 — Tangential channel placed at a height 
of 750mm. No.1 6 - Tangential channel placed at a hei- 
ght of 1250mm. No, 12 and No. 15 - Channels for brystal 
spectrometers placed 1000mm above the floor. 

All the sizes are given in millimetres. 
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1. Reactor core. 2. Tubes for pneumatic rabbit sys- 
tem. 3. Concrete reactor shield. 4. Outer shield. 

5. Paraffin with boron carbide. 6. Lead shield. 7, De- 
tector of pneumatic rabbit system. 8 .Electromagnet 
of spectrometer. 9. Vacuum chamber. 
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